Objective: Focusing on the relationship between physical activity and incident cognitive impairment, the aim of this study was to investigate whether stroke rehabilitation reduces the risk of dementia. Methods: Claims data of 1,000,000 insured subjects randomly selected from the National Health Insurance programme of Taiwan 
INTRODUCTION
Stroke and dementia are major health concerns in the elderly population. Epidemiological studies have shown that patients with stroke are at an appreciably greater risk of developing dementia than those without stroke (1-5). Post-stroke dementia is one of the major determinants of dependency among stroke patients (4, 6) . Given the decline in mortality after stroke, and the ageing population (4), it is important to prevent dementia among stroke survivors.
Physical activity programmes have been reported to be effective in slowing cognitive decline and improving quality of walking in elderly people with dementia (7) . The populationbased cohort study, INVADE, demonstrated that moderate or maximal physical activity reduces the incidence of cognitive impairment (8). Verghese et al. (9) also observed a beneficial effect of leisure activities on dementia in community-dwelling older people. Evidence has suggested that stroke rehabilitation may be helpful in improving motor function (10), but its effect on cognitive function is not clear (11). Further research is required into whether physical movement and activity can reduce the incidence of dementia among stroke patients.
Dementia is a common sequela of stroke among elderly people in developed and developing countries (6, 12) . The prevalence rate of the sequel is higher in Taiwan (1.7-4.4%) than in Western countries (1.5%) (13, 14) . Using the National Health Insurance (NHI) database, we conducted a populationbased cohort study to investigate the association between stroke rehabilitation and risk of dementia occurrence among ischaemic stroke patients in Taiwan.
METHODS

Data sources
This retrospective cohort study used reimbursement claims data obtained from the Taiwan NHI programme. The NHI programme covers more than 99% of the population and contracts with 97% of the hospitals and clinics in Taiwan (15). The National Health Research Institute, which maintains and updates the NHI database. The institute has released a sub-dataset composed of claims data for 1,000,000 randomly selected insurance enrolees to the public for research and administrative purposes. This random subgroup represents approximately 5% of the entire insured population in Taiwan. We used this sub-dataset in this study after obtaining approval from the National Health Research Institute review committee. For data analysis, we retrieved information about patients' characteristics and medical care records by linking ambulatory claims, inpatients care claims, and the registry for beneficiaries, with scrambled personal identification numbers to ensure privacy protection.
STROKE REHABILITATION IS ASSOCIATED WITH A REDUCTION IN DEMENTIA RISK: A POPULATION-BASED RETROSPECTIVE COHORT STUDy
Study subjects and study end-point
The primary discharge diagnosis of ischaemic stroke (International Classification of Diseases, 9
th Revision, Clinical Modification (ICD-9-CM) codes 433 and 434) was used to identify patients in whom new-onset ischaemic stroke had been diagnosed during the period 1997-2002. Exclusion criteria were: patients < 20 years old and those with a history of dementia at baseline. Rehabilitation recipients were identified according to NHI medical records as patients who had ever received post-stroke rehabilitation services. Rehabilitative programmes comprised facilitation of hemiplegic limbs, muscle strengthening, ambulation and balance training to achieve functional improvement.
ICD-9-CM codes 290.0, 290.1, 290.2, 290.3 and 331.0 were used to search for outpatients and inpatients with a new diagnosis of dementia during the follow-up period ending on 31 December 2007. Person-years of follow-up were determined by calculating the interval between the date on which stroke was diagnosed and whichever of the following dates was first: date of dementia diagnosis; date of withdrawal from the NHI programme; date of death, or the end of 2007.
Statistical analysis
A χ
2 test was used to compared differences in age, sex, occupation, urbanization levels of residential area, monthly income, hospital levels, and comorbidity, including diabetes, hypertension, hyperlipidaemia, Parkinson's disease, and incidence of dementia, between stroke patients with and without rehabilitation. The length of stay and in-hospital medical costs were also compared between the two groups. To determine the urbanization level of the patients' residential area, the population density (persons/km 2 ) was calculated by dividing the population by the area for each township and city district in which the study subjects were registered for insurance purposes. The levels of urbanization were classified as low, moderate, or high according to the tertile distribution of population density.
We calculated incidence density rates of dementia by sociodemographic characteristics subsequent to ischaemic stroke. The rate ratios of incident dementia for the rehabilitation group to non-rehabilitation group were also determined. The dementia-free survival rates were estimated using the Kaplan-Meier method, and the difference between survival curves was compared using the log-rank test. A timedependent analysis was further performed to estimate the effect of dementia in the first and subsequent years. Univariate and multiple Cox proportional hazard regression analyses were conducted to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) of risk of dementia in association with stroke rehabilitation. The multiple models were simultaneously adjusted for sociodemographic characteristics and comorbid conditions. Time-dependent analysis was performed using the Cox proportional hazard model to investigate the time-effect of rehabilitation on reduction in dementia risk. All analyses were performed using SAS statistical software (version 9.1 for Windows; SAS Institute, Inc., Cary, NC, USA), and the results were considered statistically significant when two-tailed p-values were less than 0.05.
RESULTS
We identified 5,097 patients with ischaemic stroke during the period 1997-2002; of these, 1,375 subjects received rehabilitation care and 3,722 did not (Table I) . Compared with stroke patients who did not receive rehabilitation, patients who received rehabilitation services were younger (46.5% vs 42.0%, p = 0.0002, for < 65 years old) and tended to have lower income (68.5% vs 59.4%, p < 0.0001, for < 15,000 New Taiwan Dollars).
During the follow-up period, the overall incidence density rate of dementia was lower in patients who received rehabilitation than in those who did not (1.22 vs 1.70 per 100 person-years) ( Table II) . The incidence of dementia increased with age in both groups. The Kaplan-Meier model showed that the cumulative incidence of dementia over the follow-up period was 3.5% higher in stroke patients who received rehabilitation than in those who did not (log-rank p = 0.0008) (Fig. 1 ). The incidence rate was much higher in the non-rehabilitation group in the first year, and then the rates become more similar in subsequent years. Table III also shows that patients in the rehabilitation group were also more likely than those in the non-rehabilitation group to have diabetes mellitus, hypertension, and depression. Higher medical cost was found in the rehabilitation group than in the non-rehabilitation group. There was no significant difference in length of stay and in-hospital death. Table IV shows the crude and adjusted HRs and 95% CIs of dementia in association with rehabilitation and other covariates. Stroke patients with rehabilitation had a 28% lower risk of dementia than stroke patients without rehabilitation (unadjusted model, HR = 0.72, 95% CI = 0.59-0.88). The beneficial effect was not weakened after adjusting for sociodemographic factors and comorbid conditions (HR = 0.74, 95% CI = 0.60-0.89). Female gender (HR = 1.27, 95% CI = 1.07-1.50), older age (HR = 7.84, 95% CI = 3.41-18.0), and low income (HR = 1.81, 95% CI = 1.42-2.32) were associated with increased risk of developing dementia. Stroke patients with Parkinson's disease were at higher risk of dementia than stroke patients who did not have Parkinson's disease (HR = 1.60, 95% CI = 1.29-1.98). Table V indicates that the greatest benefit of rehabilitation for reducing dementia risk among stroke patients was in the first year (HR = 0.43, 95% CI = 0.19-0.96). The benefit decreased with years after stroke.
DISCUSSION
These findings suggest that post-stroke rehabilitation lowers the incidence of dementia in patients with ischaemic stroke. In addition, stroke rehabilitation was found to be associated with improvement in neuropsychiatric conditions in people with stroke. Age is the most common risk factor, with the likelihood of dementia increasing from approximately 0.1% in subjects aged less than 65 years to 1.0% in elderly people. In people over the age of 85 years, however, the incidence increases to nearly 25% (1). Similarly, our results revealed that the incidence of dementia increased with age in both the rehabilitation and non-rehabilitation groups. However, the proportion of patients >80 years of age was only slightly lower in the rehabilitation group than in the non-rehabilitation group. This may be because patients ≥80 years of age tend to have a greater number of comorbidities than younger patients, thereby making it difficult for them to participate in a vigorous rehabilitation programme. In addition to older age, female sex and low income were associated with increased risk of dementia. These observations are consistent with findings reported by Verdelho et al. (11) and Ivan et al. (16) , who found that dementia risk was elevated in women and subjects who were older and had lower levels of education. A possible explanation for the findings may be that the occurrence of stroke had a substantial deleterious impact on cognition in groups of individuals who were not at a lower baseline risk for dementia in the general population, including males, individuals younger than 80 years of age, and those who had completed a high-school education (17).
Parkinson's disease is a disabling, progressive condition that is predominantly thought of as a movement disorder. Cognitive impairment has been associated with Parkinson's disease (18, 19) . Cognitive changes are not evident until the later stages of the disease. The disorder is often complicated by a spectrum of cognitive deficits that range from isolated cognitive impairment to severe dementia. The clinical manifestations of Parkinson's disease dementia generally overlap other disorders (18, 19) . In our study, we found that stroke patients with Parkinson's disease were also at higher risk of dementia than stroke patients without Parkinson's disease. Further research is needed to determine whether the accelerated development of dementia resulted from the combined effect of stroke and Parkinson's disease.
Dementia is a common cause of cognitive decline. Vascular risk factors, transient ischaemic attacks, silent and clinically evident strokes, and ischaemic changes on brain imaging studies are all associated with the development of dementia. Prevention of post-stroke dementia involves the treatment of risk factors and the same measures used to prevent stroke (20) . Physical activity has well-known beneficial effects for many chronic diseases, such as ischaemic heart disease, stroke, and diabetes. However, evidence showing that physical activity can prevent or delay cognitive decline is controversial. The results of some longitudinal studies and randomized trials have suggested that physical exercise enhances cognitive function in older adults (9, (20) (21) (22) , whereas other studies could not demonstrate the benefit of physical exercise in preserving cognitive function (23). The results of the present study show that the protective effect of rehabilitation measured from multiple Cox proportional regression analysis was similar to that from univariate analyses. The results indicate that the comorbidities analysed in this study did not significantly influence the effect of stroke rehabilitation on reduction of dementia risk. We therefore propose that stroke rehabilitation plays an essential role in preventing post-stroke dementia.
This study has several limitations. First, we did not exclude baseline comorbidities, such as hypertension, diabetes mellitus and Parkinson's disease; factors that are associated with the development of dementia. However, all of those comorbidities were more prevalent in the rehabilitation cohort than in the non-rehabilitation cohort. Therefore, the beneficial effect of rehabilitation may have been underestimated in this study. Secondly, stroke and dementia may share a genetic component (23) (24) (25) . However, confounding of genetic factors was not likely to occur because there is no reason that the genetic factors ought to differ between patients being selected to receive or not to receive rehabilitation therapy. In addition, stroke recurrence during the study period might increase the risk for incident dementia; however, further analysis revealed that there were fewer cases of recurrence in the rehabilitation cohort than in the non-rehabilitation cohort. Therefore, stroke recurrence after rehabilitation is not likely to be a confounding factor (11). In addition, undiagnosed dementia or cognitive impairment or dementia occurring immediately after stroke may have affected the provision of stroke rehabilitation, thereby biasing our study. The Kaplan-Meier analysis shows that the incidence rate is much higher in the non-rehabilitation group in the first year, and that the rates then become more similar in subsequent years. We performed a further analysis to estimate the annual HR during the follow-up period. The HR demonstrates a strong protective effect from rehabilitation in the first year and then protective association become more weaker, to near 0.70, in the subsequent 5 th -8 th years. Finally, we did not evaluate differences in stroke severity between patients who received and those who did not receive rehabilitation services. We adjusted for comorbidities in the regression models in an attempt to deal with confounding due to differences in health conditions coexisting with stroke between the two groups.
In summary, the present study used a large population-based representative data to investigate the risk of dementia for patients with stroke. We found that stroke rehabilitation is associated with a reduction in dementia risk. Effective dementia prevention strategies would have large public health implications through improving quality of life and reducing economic cost and social burden. Further research, with more complete information, including rehabilitation status, rehabilitation levels and other treatments, is required in order to clarify the dementia outcomes. A trial of stroke rehabilitation may be needed.
